Introduction: Nasal obstruction is a frequent complaint in otorhinolaryngology outpatient clinics, and nasal valve incompetence is the cause in most cases. Scientific publications describing surgical techniques on the upper and lower lateral cartilages to improve the nasal valve are also quite frequent. Relatively few authors currently describe surgical procedures in the piriform aperture for nasal valve augmentation. We describe the surgical technique called pyriform plasty and evaluate its effectiveness subjectively through the NOSE questionnaire and objectively through the rhinomanometry evaluation. Objective: To compare pre-and post-pyriform plasty nasal airflow variations using rhinomanometry and the NOSE questionnaire. Methods: Eight patients submitted to pyriform surgery were studied. These patients were screened in the otorhinolaryngology outpatient clinic among those who complained of nasal obstruction, and who had a positive response to Cottle maneuver. They answered the NOSE questionnaire and were submitted to preoperative rhinomanometry. After 90 days, they were reassessed through the NOSE questionnaire and the postoperative rhinomanometry. The results of these two parameters were compared pre-and postoperatively. Results: Regarding the subjective measure, the NOSE questionnaire, seven patients reported improvement, of which two reported marked improvement, and one patient reported an unchanged obstructive condition. Regarding the rhinomanometry assessment, of 96 comparative measurements between the preoperative and postoperative periods, we obtained 68 measurements with an increase in nasal airflow in the postoperative period, 26 negative results, and two cases that remained unaltered between the preoperative and postoperative periods.
Introduction
Nasal obstruction is a common complaint in the general population. It is defined as a discomfort characterized by the feeling of insufficient airflow through the nose. The sensation of airflow obstruction through the nose can be one of the most severe symptoms of nasal disease. The degree of nasal obstruction causing symptoms is determined not only by the severity of the obstruction, but also by the subjective perception of nasal airflow obstruction. 1 The nose, being the upper airway entrance along with its multiple functions, such as the airflow trajectory, a chemical sensor, and air conditioner, is the first line of defense against infections. In humans and mammals, the nose is divided into two distinct anatomical pathways, and each has its own blood supply and innervation. The nasal septum divides the nose into two cavities and these consist of a bony portion and a cartilaginous portion. The lateral wall of each of these cavities basically consists of three turbinates protruding into the nasal cavity. 2 The nasal valve is comprised of four structures. Tw o components are anatomical: the angle formed between the upper lateral cartilage and the septum, and the lateral diameter of the pyriform aperture. Tw o components are mucovascular: the head of the inferior turbinate, which is an erectile tissue, as well as the mucous tissue of the caudal septum, located dorsally to the inferior turbinate. Narrowing of the pyriform aperture and congestion of the erectile tissue of the lateral wall, especially of the inferior turbinate, associated with septal deviations, determine resistance to nasal airflow. 3 In a study that analyzed 88 noses of Korean individuals, mean values of 30.1 mm were found for men and 28 mm for women, transversally at the level of the pyriform aperture. The shape and size of the pyriform aperture exert a significant impact on the nasal breathing effectiveness. The size and shape of the nasal bones and the pyriform aperture can be used to clarify the anthropological characteristics of each race. The pyriform aperture of the Korean race is larger than that of the white race ( Fig. 1 ). 4 The treatment of nasal obstruction attributed to nasal valve dysfunction is typically aimed at interventions addressed to the internal or external nasal valve component. A 2015 study indicates that these patients can attain respiratory function improvement through surgical correction at the level of the pyriform aperture. Of twenty-six patients undergoing pyriform plasty surgery, 23 (88%) reported a significant improvement in their nasal obstruction bilaterally. The other 3 (11.5%) had a less significant improvement. The result of this study was obtained subjectively through a self-administered questionnaire. In this study, measurements using CT scan showed values of 23.6---25.32 mm in men and 22.6---23.7 mm in women. 5 Relief of nasal obstruction through partial removal of the maxillary nasal process may improve respiratory symptoms, dry mouth and throat, exclusive mouth breathing, posterior rhinorrhea, cough and irritation of the pharyngeal mucous membrane, voice alterations due to absence of nasal resonance, headache, pressure sensation in the eyes, and loss of taste. 6 Because the severity of nasal obstruction symptoms is not well correlated with nasal obstruction measurements, it is important to record accurate measurements of the physiological nasal obstruction. Objective methods to obtain measures of nasal resistance and patency include rhinomanometry (RM) and acoustic rhinometry (AR). These two diagnostic methods provide important information of the nasal airway. In general, RM provides information on nasal airway flow and resistance, while AR shows anatomical section areas of the nasal cavity that may be decreased. 7, 8 The internal nasal valve (INV) is defined as the caudal portion of the upper lateral cartilage and also by the angle formed between the latter and the quadrangular cartilage.
Laterally it consists of fibro-adipose tissue that joins the pyriform aperture, where accessory cartilage can be found. Medially, the INV is delimited by the nasal septum. Inferiorly, it is delimited by the premaxilla and posteriorly, by the head of inferior turbinate. The external nasal valve (ENV) is described as caudal structures to the INV, such as the nasal wing and ligaments juxtaposed to the lateral crus of the lower lateral cartilage (LLC), medially delimited by the columella, and inferiorly by the nostril floor. 9 The surgical technique used to treat bone stenosis of the pyriform aperture was first described by Douglas 6 in 1952. This pyriform aperture bone resection technique can be used in combination with rhinomanometry, which can be used to differentiate whether the nasal obstruction is essentially mucous by performing the test before and after the use of a nasal topical decongestant. The objective test is used in the quantitative evaluation of the benefit of drug and surgical therapies. The test can be used to evaluate the effectiveness of septoplasty and/or turbinoplasty in the treatment of nasal obstruction. In nasal physiology studies, rhinomanometry provides quantitative information on nasal mucosa response and changes of this mucosa in response to allergens and other types of chemical and physical stimuli. 10 Nasal pressure is usually measured in Pascal (Pa). Pascal is the international standard unit and it is a very small unit. A pressure of 100 Pa is equal to 1 cm in height in the water column. Nasal airflow is usually measured in units of cubic centimeters per second (cm 3 /s).
Rhinomanometry is potentially the best method for objective measurement of nasal airflow obstruction, being very useful for the selection of patients who are candidates for septoplasty or nasal valve reconstruction. 11
Methods
From April 2015 to April 2016, eight patients screened at the Otorhinolaryngology Outpatient Clinic were selected for the study. The study was submitted and approved by an Ethics Committee under Opinion number 796.464.
Patients of both genders, older than 16 years, presenting with nasal obstruction that improved with Cottle maneuver, were included in the study. All these patients were submitted to subjective evaluation by the NOSE questionnaire. Then, they were submitted to an objective evaluation of nasal airflow through rhinomanometry, using an Atmos Rhinomanometer 300 ® equipment, initially without the use of nasal vasoconstrictor and then using the vasoconstrictor Oxymetazoline 0.5 mg/mL at a dose of 100 g, or two applications, followed by another application after 5 min, totaling 150 g, according to the Committee report on standardization of rhinomanometry resolution. 12 Patients with comorbidities that formally contraindicated any surgical procedure, patients with ulcerogranulomatous diseases and sinonasal tumors, those previously submitted to nasal surgery, and/or those with a caudal nasal septal deviation were excluded. 11. The patients were re-evaluated 7 days after the surgery.
Surgical technique
Three months after being submitted to surgery, the patients returned and answered the NOSE questionnaire, to the same examiner, and were submitted to postoperative rhinomanometry with the same equipment, with and without vasoconstrictor agent.
Results
The data collected through the NOSE questionnaire were analyzed quantitatively, and each patient score varied from 0 to 100, with zero score being attributed to the patient with a completely free nasal flow, without any obstruction, whereas the score 100 was attributed to the patient who had a completely obstructed nose. The results are shown in Table 1 .
The Atmos Rhinomanometer 300 ® device provides nasal airflow results at the pressure levels of 75, 150 and 300 Pascal (Pa) using the device's own software. These values obtained through the measures of nasal flow and airflow Statistical analysis was performed using the Wilcoxon method for the NOSE questionnaire results before and after the pyriform plasty, as well as for the nasal airflow results evaluated by rhinomanometry at pressures of 75 Pa, 150 Pa and 300 Pa in the pre-and postoperative periods (Tables 5 ---8 ).
Discussion
The nose is physiologically very dynamic; volume alterations of its structures occur at all times and, therefore, we prefer to perform several tests on the same patient, so that we can reach a conclusion and a more accurate functional diagnosis.
Regarding the subjective analysis, performed through the questionnaire answered by our patients regarding quality of life (NOSE), in cases 1 and 2 the patients showed a slight improvement in their responses, and case 3 did not mention changes, maintaining the same index in the pre-and postoperative periods. As for cases 4, 5, 6, 7 and 8, the patients reported a marked improvement in nasal obstruction. The excellent results, with a marked improvement in nasal airflow, may be justified because these patients had nasal airflow obstruction that was more dependent on the nasal valve, mainly of the bone portion, that is, narrowing of the pyriform aperture.
The rhinomanometry is currently the most objective test for evaluation of nasal respiratory function. It should be used in accordance with the ISCR (International Standardization Committee on Nasal Airway Evaluation-1984). 12 For this reason, we chose rhinomanometry as an objective method for the evaluation of our patients.
Using the rhinomanometry assessment, four comparisons were made at each pressure level, 75 Pa, 150 Pa and 300 Pa, considering the right and left nostrils, before and after vasoconstrictor use, and before and after undergoing pyriform plasty. Therefore, we obtained a total of 12 measurement comparisons for each patient.
According to Cole 3 in 2003, both the narrowing of the pyriform aperture and the congestion of the lateral wall erectile tissue, especially of the inferior turbinate, associated with septal deviations, determine nasal airflow resistance. This fact was observed in our results, where all patients showed nasal airflow improvement after the use of vasoconstrictors, before and after undergoing pyriform plasty.
According to Battacharyya and Deschler, 2 the inferior turbinate is at a few millimeters from the pyriform aperture and, therefore, we believe that the increase in the diameter of the pyriform aperture promotes an area increase in this region of the inferior turbinate head, as well as in the region of the nasal wing, represented by the lower lateral cartilage.
Based on the reports of Bhattacharyya and Deschler, 2 and Rohrich et al., 13 we can postulate that, due to the connection between the upper lateral cartilage and the pyriform aperture, after the pyriform plasty the ULC and the LLC should be positioned more laterally and increase the angle formed between the ULC and the nasal septum, that is, promote nasal airflow increase through the INV. As the ligament of Rohrich et al. 13 is a fibrous connective structure that joins the lateral crus of the LLC to the pyriform aperture, it is expected that after the pyriform plasty, Rohrich's ligament be joined more laterally to the enlarged pyriform aperture, also promoting nasal airflow increase at the level of the ENV (Fig. 6 ).
Spielmann et al. 14 stated that each patient will have an indication of a specific technique, more appropriate for each case. We agree with this assertion and we believe that each case of nasal obstruction will require one or more associated surgical techniques to attain a good result, with pyriform plasty being one of them.
The Cottle maneuver can specify whether the nasal obstruction occurs at the level of the nasal valve area. This same maneuver was used in this study as one of the inclusion factors for the selection of patients who would be candidates for pyriform plasty (nasal obstruction with positive Cottle maneuver). Eventually, the best results of nasal airflow after pyriform plasty might be more pronounced if associated with other nasal surgical procedures, septoplasty and turbinectomy, for instance. 14, 15 We agree with these authors.
Associated surgical procedures and clinical treatments should be considered, as there was improvement in almost all cases after nasal vasoconstrictor use, demonstrating the presence of nasal mucosa edema.
Patients who have pyriform aperture atresia associated with ogival palate with bilateral crossbite, will benefit from surgically-assisted palatine disjunction. Those with maxillary atresia, without crossbite, have an indication for pyriform plasty. Both techniques promote the enlargement of the piriform aperture. 16 If we analyze all rhinomanometry measures, both positive and negative, at an inspiratory pressure level of 75 Pa in all patients, in both nostrils, with and without vasoconstrictor, we observe a positive value of 1434 cm 3 /s, which after being divided by 32 analyses, four in each patient, results in a measure of 44.81 cm 3 /s of increase on average. Under the pressure of 150 Pa, we obtained an increase of 2676 cm 3 /s, which, after being divided by 32 analyses, shows an average of 83.62 cm 3 /s of increase. Under the pressure of 300 Pa, we obtained a total increase of 4200 cm 3 /s, which divided by 32 measures in the 8 patients, results in an average increase of 131.25 cm 3 /s in each measure. It was concluded that nasal airflow improves more after pyriform plasty as the inspiratory pressure increases, for instance, in physical exercise. Statistical analysis using the box plot charts showed that the median (50th percentile) was always increased postoperatively in relation to the preoperative period. With 75 Pa of resistance in the right nostril, with vasoconstrictor, nasal flow increase was observed, with a statistically significant difference. Statistically significant differences also occurred with 150 Pa of resistance in the right nostril with vasoconstrictor, and with a 300 Pa of resistance, statistically significant differences were observed in the right nostril, Table 3 Pre-and postoperative results of nasal airflow measurements by rhinomanometry, with and without nasal vasoconstrictor, in the R and L nostrils, under 150 Pa pressure.
Without vasoconstrictor
With vasoconstrictor with vasoconstrictor, and in the left nostril without vasoconstrictor.
The NOSE questionnaire results also showed a decrease in values with a statistically significant difference. This study should be followed by further research, aiming to support this thesis, including other pre-and postoperative evaluation techniques, which may justify other investigations, such as evaluations with CT and volumetric 6 In red, the intersection of ULC and LLC with the pyriform aperture. measurement of the nasal cavity through an appropriate software.
Conclusion
There was nasal airflow improvement after the pyriform plasty, when compared to the preoperative nasal airflow.
